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The vertebrate limb demonstrates remarkable similarity in basic
organization across phylogenetically disparate groups. To gain further
insight into how this morphological similarity is maintained in
different developmental contexts, we explored the molecular
anatomy of size-reduced embryos of the direct-developing Puerto
Rican coquí frog, Eleutherodactylus coqui. Coquí exhibits a basal
anuran limb structure, with four toes on the forelimb and five toes on
the hind limb. We investigated the extent to which coquí limb bud
development conforms to the model of limb development derived
from amniote studies. We characterized dynamic patterns of gene
expression for 13 critical patterning genes across three principal
stages of limb development. The expression patterns of most genes
are essentially unchanged compared to amniote species. For example,
an EcFgf8-expression domain is evident within the apical ectodermal
ridge (AER). This likely defines a putatively functional AER signaling
domain, despite the absence of a morphological ridge in coquí
embryos. However, two genes, EcMeis1 and EcAlx4, demonstrate
altered domains of expression, which imply a potential shift in gene
function between coquí frogs and amniote model systems. Unexpect-
edly, several genes thought to be critical for limb patterning in other
systems, including EcFgf4, EcWnt3a, EcWnt7a and EcGremlin,
produce no evident expression pattern in the limb at the stages we
analyzed. Thus, while this analysis substantiates the existence of a
core set of ancient limb-patterning molecules, which likely mediate
identical functions across diverse vertebrate forms, it also reveals
plasticity in the genetic control of a conserved morphological pattern
across evolutionary time.
doi:10.1016/j.ydbio.2011.05.549
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Comparison of circadian gene expression in the eye and
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Failure of adult organs and tissues to synchronize to the local time
leads to jet lag, increased risk of heart disease, and liver failure in
mammals. We are interested in when during development embryonic
organs can synchronize with the external environment. Eyes are
directly entrained by light from the environment. In mammals,
internal organs are synchronized to the external environment via the
brain. Zebrafish organs are synchronized directly by light. Embryonic
eyes of X. laevis exhibit a mature circadian rhythm at stage 41. We are
currently comparing the time of day dependent expression of 3
circadian genes, xNocturnin, xBmal1, and xPRX2 in embryonic eyes
and pronephri. xBmal1 is part of the central oscillator while
xNocturnin and xPRX2 are acted upon by this oscillator. In order to
elucidate the rhythmic expression of these genes we dissected eyes
and pronephri at four times of day. We next evaluated the level of
gene expression at each time point via quantitative Real Time PCR.
We have found that genes like xNocturnin and xBmal1 show
rhythmic expression in the eye. Rhythmic expression of xPRX2 in
the eye is scarcely detectable. xBmal1 and xPRX2 show low levels of
rhythmic expression in the pronephros when compared to the eye.
Interestingly, the peak of xBmal1 and xPRX2 expression was 4–6 h
later in the pronephros when compared to the eye. The delay in onset
of peak expression observed in the pronephros suggests peripheral
organs synchronize to the external light cues indirectly via the brain
like adult mammals, instead of through direct detection of light cues
as reported in zebrafish.
doi:10.1016/j.ydbio.2011.05.550
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Desmosomes contribute to the exchange of cell–cell signals, and
the physical integrity of junctions and tissues. They are comprised of
proteins such as transmembrane cadherin super-family members,
and intracellular components including homologous catenins (pla-
kophilins and plakoglobin), desmoplakin and intermediate filaments.
Catenins possess a central Armadillo domain, bracketed by less
conserved amino- and carboxy-terminal tails. The most prominent
family member is beta-catenin, which acts in varying intracellular
compartments, and is a key player in both normal development and
human disease. This work instead focuses upon Plakophilin-3 (Pkp-
3), a catenin that we hypothesize provides key functions in differing
cellular contexts. For example, Pkp-3 is resident at both desmosomal
junctions and in the cytosol, with our recent data further hinting at its
function(s) in the nucleus. We will present our characterization of
Pkp-3 in early vertebrate embryos of Xenopus laevis. This will include
Pkp-3 temporal and spatial profiling, and knockdown phenotypes
indicating its requirement in amphibian development. Effects include
touch hyposensitivity, and reductions in certain neural tracts, cilia
and ectodermal integrity. While Pkp-3 knock-out mice exhibit
epithelial fragility, these further phenotypes were not reported. Our
goal is to deepen the cellular and developmental understanding of
Pkp-3, with future work focusing upon its poorly understood role(s)
in the nucleus. This will provide the basis to ultimately address if
Pkp3's role in gene regulation is in some manner linked to that at
cell–cell junctions.
doi:10.1016/j.ydbio.2011.05.551
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The translational repressor Nanos is expressed in the germline
and stem cell populations of jellyfish as well as humans. Surprisingly,
we observed that unlike other mRNAs, synthetic nanos1 RNA
translates very poorly if at all after injection into Xenopus oocytes.
The current model of simple sequestration of nanos1 within germinal
granules is insufficient to explain this observation and suggests that a
second level of repression must be operating. We find that an RNA
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secondary structural element immediately downstream of the AUG
start site is both necessary and sufficient to prevent ribosome
scanning in the absence of a repressor. Accordingly, repression is
relieved by small in-frame insertions before this secondary structure,
or translational control element (TCE), that provide the 15 nucleo-
tides required for ribosome entry. Nanos1 is translated shortly after
fertilization, pointing to the existence of a developmentally regulated
activator. Oocyte extracts were rendered fully competent for nanos1
translation after the addition of a small amount of embryo extract,
confirming the presence of an activator. Misexpression of Nanos1 in
oocytes from unlocalized RNA results in abnormal development,
highlighting the importance of TCE-mediated translational repres-
sion. Although found in prokaryotes, steric hindrance as a mechanism
for negatively regulating translation is novel for a eukaryotic RNA.
Further, we identified a germ plasm specific RNA binding protein as
the potential activator for nanos1 translation. However, the mechan-
ism of activation remains unknown. These observations unravel a
new mode of nanos1 regulation at the post-transcriptional level that
is essential for normal development. This work was supported by NIH
grant GM33932 to M.L.K.
doi:10.1016/j.ydbio.2011.05.552
Program/Abstract #491
Does progesterone have a role in embryo-maternal
communication in Monodelphis domestica?
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Unlike eutherian mammals, marsupials generally exhibit no
significant rise in serum during pregnancy. This observation has led
to the conventional view that maternal recognition of pregnancy does
not occur among marsupials. However, recent radioimmunoassay
work with Monodelphis domestica reveals a slight increase in serum
progesterone during the early stages of the 14-day pregnancy in this
marsupial, peaking at day 3 and day 9. This elevation is consistent
with specific nuclear staining of uterine-gland cells for progesterone
receptor (PR), which occurs on days 3 to 9 of gestation. In addition,
the PR-positive nuclei of uterine-gland cells during this period are
situated near the basal lamina instead of their usual position at the
center of each such cell. Consistent staining pattern of progesterone
receptors in corpora lutea and ovarian follicles suggest minimal
interaction between progesterone and involvement of the ovaries
during gestation. However, the slight rise in serum progesterone, in
combination with a significant increase in PR expression in the
uterine-gland cells, suggests that progesterone signaling may play a
heretofore under-appreciated role in marsupial pregnancy.
doi:10.1016/j.ydbio.2011.05.553
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Digit reduction has occurred in parallel in over half of mammalian
orders. However, despite this pattern's prevalence, the mechanisms
underlying mammalian digit reduction remain unknown. We there-
fore studied digit development in pig (Sus scrofa), a mammal with
reduced 1st, 2nd and 5th digits. Pigs are artiodactyls (along with
cows, gazelles, etc.), a group whose lineages have independently lost
lateral digits at least 2, and likely >4–5 times. We found that from its
earliest formation, the pig limb bud is significantly smaller than that
of mouse. Moreover, we found that although pigs form cartilage
condensations for all five digits, those of reduced digits are noticeably
smaller from the time of their appearance. We also found that pig
digits have comparable growth rates after their initial condensation,
and no evidence for increased cell death in pig limbs compared to
mouse. Results therefore suggest that pig's 1st, 2nd and 5th digits are
primarily reduced through evolutionary modifications in early limb
patterning. We next examined the expression of several genes with
roles in early limb patterning in pig. We found that Shh expression
turns off earlier in pig than mouse. As earlier truncations of Shh
expression have been linked to digit reduction in other amniotes (e.g.,
skinks, mutant mice), we propose that a parallel cessation of Shh
expression contributes to pig digit reduction. Results of this study,
coupled with those from prior studies, suggest that although major
developmental reorganizations (e.g. complete digit loss) during early
limb development may be selected against, it may be common for
more subtle evolutionary modifications in limb development (e.g.,
changes in relative digit size) to occur at this time.
doi:10.1016/j.ydbio.2011.05.554
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CART has been found in early development of the brain and other
organs (gut, pancreas, ovary). In the human and rat brains, the CART
peptides are expressed differentially in adult and fetal period. There is
no data concerned CART ontogeny in the brain of the guinea pig, that
represents precocial mammals. Our studies are focused on limbic
structures, especially the mamillary body (MB) and the anterior
thalamic nuclei (ATN), strictly connected with memory and behavior.
Brains from fetuses (E40, E50, E60) and neonates (P0) were fixed in
4% paraformaldehyde. Frozen sections were immunostained with the
fluorescent technique using the primary antibodies against two
biologically active CART peptides: CART 69–116 and CART 62–102. At
E40, E50, E60 and in newborns, CART peptide immunoreactivity was
already present in the MB and the ATN. Distribution pattern of CART
immunoreactivity was similar in all the studied stages, whereas
intensity was various. The highest CART immunoreactivity was
present in the P0 stage. CART positive pericarya were numerous in
the lateral part of the medial mamillary nucleus (MM), but were not
seen in the lateral mamillary nucleus (LM) nor in the three nuclei of
the anterior thalamus. Single fibers were observed in the medial part
of MM and within all the studied thalamic nuclei. CART fibers were
thick or thin, but always possessed varicosities. Very high level of
neuropil immunoreactivity was detected in the anteroventral nucleus
of the thalamus, and moderate level in LM. Our results suggest that
CART peptides play a significant role (as a neurotransmitter and
neurotrophic agent) in the MB development and may influence the
anterior thalamus via direct projections (mamillothalamic tract).
doi:10.1016/j.ydbio.2011.05.555
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